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Abstract: One challenge of stress measurement by using Magnetic Barkhausen noise (MBN) is to build correlation model between MBN
and micro magnetic characterization of the material. In particular, it highly requires a quantitative evaluation for micro-macro magnetic
properties characterizing under the stress impaction. In this study, a correlation model between domain wall (DW) motion and MBN under
tensile stress is established and promoted. Optical flow (OF) traces motion of magnetic domain images, which can quantify the status of DW
motion during magnetization process. When applied field is in stress direction, tensile stress aligns the magnetic domains parallel to the stress
direction and makes coercive field decrease. This can make a phenomenon vary of DW motion as well as MBN signal. The average velocity
of DW motion (OF value) is proportional to MBN signal under tensile stress. Root mean square (RMS) and mean value are extracted from
both DW motion velocity (OF value) and MBN signal to quantitatively analyze the changes under tensile stress to quantify the correlation
between micro and macro magnetic parameters. In addition, the correlation model between DW motion and MBN is quantitatively analyzed
in different locations to evaluate the repeatability of the correlation, as well as the effect of microstructure on MBN and DW motion under
the tensile stress. The correlation coefficient of RMS and mean value show the highly correlation between DW motion and MBN, which in
turn sheds deep understanding the micro-macro property-physic mechanisms. The proposed work has potential for interpretation of the
statistical properties of MBN under different tensile stress by studying DW motion, which can be further applied for enhancing accuracy on
stress measurement.
Keywords: Magnetic Barkhausen Noise (MBN); Domain wall motion; Tensile stress; Magneto-optical Kerr effect microscopy (MOKE).

Ⅰ. Introduction

Since stress concentration is the main cause of fatigue
failure and micro defects, different electromagnetic methods
have been applied in non-destructive testing (NDT) for stress
measurement [1-3]. Among them, magnetic Barkhausen noise
(MBN) is an effective electromagnetic method for stress
measurement of ferromagnetic objects. MBN reflects
discontinuous motion of domain wall (DW) caused by any type
of pinning effect [4-8]. Micro-magnetic structure of material
decides the shape and size of magnetic domain, and dominates
the behavior of DW motion, i.e. its dynamics, which influences
MBN signal significantly. Grain and grain boundary
microstructure under applied or residual stress can affect the
structure of the domain and DW motion in a dynamical
changing magnetic field, which can further affect MBN signal
[9-15]. Previous studies found the relationship between grainsize and MBN power [16]. In addition, D Shu et.al. investigates
the stress effect on the average volume of MBN jumps and
magnetic DWs irreversible displacement [17]. S Ding et.al
investigates skewness feature and root mean value of MBN for
stress measurement [18]. However, microstructure influence of
DW dynamics and MBN characterization is unclear.

Recently, micro magnetic parameters, magnetic domain
structure and DW motion are used to observe the magnetic
microstructure based on the high spatial resolution
measurement of stress in ferromagnetic materials [19-22]. New
features of domain wall dynamic behavior of grain-oriented
electrical steel by using magneto-optical Kerr microscopy
(MOKE) are developed for stress characterization [23].
Perevertov et al. applied the MOKE to study tensile and
compression stress influences on the variation of hysteresis
curve and the domain structures [24-25]. L Batista et.al linked
the hysteresis curve features and DWs dynamic behaviors to
discuss the stress effect on the macro and micro magnetics
responses [26]. In reviewing the current stress evaluation
methods, correlation establishment between the variation of
microstructure and macro physic reflection of the material
under the stress effect remain a challenge. This is considered as
a key issue to achieve quantitative stress evaluation and
enhance the capability in accurately identifying the material
health status through magnetic NDT method.
In this paper, DW motion behaviors and its link to MBN
features for the quantitative analysis of micro structure and
macro magnetic variation under tensile stress are investigated
and discussed. MBN and DW of the silicon steel sheet are
captured by MBN and a longitudinal MOKE microscopy.
Optical flow (OF) [27-28] traces motion of magnetic domain
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images which can quantify the velocity of DW motion during
magnetization process under tensile stress. Tensile stress affect
the distribution of magnetic domain and coercive fields, which
can affect the average velocity of DW motion (OF value) and
MBN signal. Root mean square (RMS) and mean value are
extracted to quantitatively analyze the variation of MBN signal
and DW motion (OF value) under tensile stress. In addition, the
correlation of DW motion and MBN signal is quantitatively
analyzed in different locations to analyze the effect of grain and
grain boundary on MBN and DW motion under tensile stress.
The correlation model of DW motion and MBN can be used to
understand micro-macro property-physic mechanisms and
apply for enhancing accuracy on stress measurement via
MBN in the future.

and grain boundary on MBN and DW motion. Finally, the
correlation model of MBN and DW motion is established and
quantitatively analyzed.

The rest of this paper has been organized as follows.
Section 2 establishes the correlation model of domain wall
motion and MBN signal under tensile stress. The experimental
study and numerical analysis of relationship between DW
motion and MBN under different tensile stress are provided in
Section III. Finally, conclusions and further work are outlined
in Section IV.

Ⅱ. Methodology
Figure 1. Systematic diagram of the approach
Experimental approach and feature extraction for the data
analysis to build the relationships of micro and macro properties
are used for the study.

(a) Systematic diagram of the approach

The method for micro-macro characteristics between DW
motion and MBN under tensile stress is outlined in Figure 1.
Firstly, magnetic domain and MBN signal is captured. Then,
OF algorithm is used to calculate the velocity of DW motion.
The relationship between the velocity of DW motion (OF value)
and MBN under tensile stress is established. In addition, RMS
and mean value are extracted from the velocity of DW motion
(OF value) and MBN signal to quantitatively analyze the
relationship between MBN signal and the velocity of DW
motion. The correlation of DW motion and MBN signal is
quantitatively analyzed in grain boundary and different grain to
validate the repeatability of the correlation between MBN and
DW motion in different locations, as well as the effect of grain

(b) The relationship among domain wall motion
and MBN signal

In the central part of hysteresis loop, around the coercive
field, the magnetization process is mainly due to DW motion
[29]. Tensile stress can affect the movement of the magnetic
domain walls and lead to different coercive field and hysteresis
loss in the previous research [30], which can affect DW motion.
The Barkhausen noises are mainly due to the discontinuous
motion of DWs during the magnetization process [31]. The
statistical properties of the Barkhausen noise under different
tensile stress are normally studied in the central part of the
hysteresis loop and can be understand by studying domain wall
motion.
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From formula (1), the saturation magnetization 𝑀𝑠 can be
characterized by the maximum intensity of the magnetic
domain image 𝐼𝑚𝑎𝑥 .

Figure 2. (a) and (b) illustrate the intensity of magnetic domain
images at 0.03 KA/m and 0.13 KA/m, (c) The relationship of
hysteresis loop and intensity of magnetic domain image. (d) and
(e) illustrate the DW motion and MBN signal, respectively. The
amplitude and frequency of magnetic field are 0.4 kA/m and 0.5
Hz. The sizes of Figure 1 (a) and (b) are 8.14 mm × 6.94 mm.

In this paper, magnetic domain images can be captured by
using magneto-optical Kerr effect microscopy. Figure 2 (a) and
(b) illustrate the different intensity of the magnetic domain
images at 0.03 kA/m and 0.13 kA/m, when the amplitude and
frequency of magnetic field are 0.4 kA/m and 0.5 Hz. The
intensity of the magnetic domain image 𝐼 can be calculated by
adding the intensity value for every pixel in the magnetic
domain image. The intensity of the magnetic domain image is
used to characterize the magnetization intensity 𝑀 . The
relationship between the intensity of the magnetic domain
image and hysteresis loop is established, as shown in the Figure
2 (c). The relationship between the magnetization intensity 𝑀
and the intensity of the magnetic domain image 𝐼 can be given
as [32]:
𝑀 ∝𝐼

(1)

OF [27-28] can trace motion of magnetic domain images,
which can quantify the average velocity of DW motion 𝑣𝐷𝑊
during magnetization process. OF can be defined as the
distribution of apparent velocities of movement of brightness
pattern in an image [28]. OF is based on local Taylor series
approximations of the image signal. The amplitude and
frequency of magnetic field are 0.4 kA/m and 0.5 Hz. A
magnetic domain image 𝐼 is seen as a two dimensional matrix
with respect to location 𝑥 and 𝑦 at different time, which can be
characterized as 𝐼𝑡 (𝑥, 𝑦) . OF value can characterize the DW
motion between two magnetic domain images ( 𝐼𝑡 (𝑥, 𝑦) ,
𝐼𝑡+∆𝑡 (𝑥, 𝑦) ) captured at times 𝑡 and 𝑡 + ∆𝑡 under different
applied magnetic field. The Horn–Schunck method [27] is one
of the algorithms to estimate OF value, which can estimate the
motion velocity of the two magnetic domain images ([𝑣𝑥 , 𝑣𝑦 ]𝑇 )
to quantify the velocity of DW motion during the magnetic
process. [𝑣𝑥 , 𝑣𝑦 ]𝑇 characterize the motion velocity of two
magnetic domain images at 𝑥 , 𝑦 direction. Thus, OF value
(𝑣𝑥 2 + 𝑣𝑦 2 ) characterize the average velocity amplitude of DW
motion |𝑣𝐷𝑊 (𝑡)| as shown in Figure 2. (d). In this paper, the
frequency and amplitude of magnetic field are 0.5 Hz and 0.4
kA/m, respectively. The images of magnetic domain are
captured by a digital CCD camera with sampling rate of 16.3
Hz. The interval of two adjacent images ∆𝑡 is about 0.06 s. The
average velocity of DW motion (|𝑣𝐷𝑊 (𝑡)|) at the different
region of the hysteresis loop (the whole hysteresis loop spend 2
s) can be quantify at the interval of about 0.06 s, as shown in
Figure 2 (c) and (d).
The distribution of magnetic domain can affect magnetic
properties during the magnetization, which can decide DW
motion behavior on the point of the hysteresis loop. DW motion
in metallic systems is governed by eddy current damping which
given rise to a linear dependence of DW velocity 𝑣𝐷𝑊 on
magnetic field 𝐻 of the form [31, 33]:
𝑣𝐷𝑊 ∝ 𝐻 − 𝐻𝑐

(2)

where 𝐻𝑐 is the coercive field experienced by the moving DW.
The coercive field 𝐻𝑐 is a random function of DW distribution
[33]. Since OF value is used to characterize the velocity of DW
motion, the relationship between OF value and coercive field
also satisfy formula (2). MBN are mainly due to the
discontinuous motion of DWs during the magnetization
process. DW motion velocity 𝑣𝐷𝑊 is proportional to the voltage
detected in a MBN experiment [18], definite predictions on
MBN properties and on its connection with DW motion can be
obtained:

4

𝑉𝑀𝐵𝑁 ∝ 𝑣𝐷𝑊

(3)

where 𝑉𝑀𝐵𝑁 denote the magnetic Barkhausen noise signal.
From formula (3), the correlation between the velocity of DW
motion (OF value) and MBN is established.
The magnetic Barkhausen noise signal can be expressed as
Gaussian white noise [34], as shown in Figure 2 (e). From
Figure 2 (d) and (e), the velocity of DW motion and the
envelope of MBN signal have the same changing tendency
during the magnetization process. In order to quantitatively
analyze the relationship between DW motion and MBN, RMS
and mean value are extracted from DW motion velocity (OF
value) and the envelope of MBN signal. RMS and mean value
have been used to estimate the properties of MBN signal to
characterize the energy and size of the signal in previous work
[18, 35-36]. In this paper, RMS and mean can quantify the
correlation of micro-macro structure-physic mechanism.
Since DW motion velocity is basically proportional to the
voltage detected in a MBN experiment as shown in formula (3).
RMS and mean value are extracted from the velocity of DW
motion (OF value) and MBN signal, namely

̅̅̅̅̅̅
𝑉𝑀𝐵𝑁 ∝ ̅̅̅̅̅
𝑣𝐷𝑊
𝑅𝑀𝑆𝑀𝐵𝑁 ∝ 𝑅𝑀𝑆𝐷𝑊

(4)

The increased magnetic energy can be reduced by the formation
of adapted domain [39]. In order to minimize energy 𝐸𝜆 , the
formation of domain ideally satisfy the formula (2):
When 𝜆𝜎 > 0，𝜃 → 0° or 𝜃 → 180°
When 𝜆𝜎 < 0, 𝜃 → 90°

(6)

When tensile stress is applied to a silicon steel, the product
of the magnetostriction constant and stress satisfy 𝜆𝜎 > 0. Thus,
In order to minimize energy 𝐸𝜆 , tensile stress cause the
nucleation of 180° domain walls in the direction of applied
stress [32]. As tensile stress causes the rearrangement of atomic
magnetic moments and the addition of 180° domain walls
during elastic deformation, the saturation magnetization
become larger, when applied field is in tensile stress direction.
The maximum intensity of magnetic domain image 𝐼𝑚𝑎𝑥 (𝜎)
and the saturation magnetization 𝑀𝑠 (𝜎) both increase with the
increment of tensile stress.
As tensile stress cause the addition of 180° domain walls,
tensile stress aligns the magnetic domains parallel to the stress
direction and makes the magnetization process easy [34].
Therefore, tensile stress makes the magnetic hysteresis loss and
the coercive field 𝐻𝑐 decrease during magnetization process.
The relationship between the coercive field 𝐻𝑐 and the velocity
of DW motion (OF value) under tensile stress as shown in
formula (2) can be written as:

where ̅̅̅̅̅̅
𝑉𝑀𝐵𝑁 and ̅̅̅̅̅
𝑣𝐷𝑊 denote mean value of the envelope of
MBN and the velocity of DW motion (OF value), 𝑅𝑀𝑆𝑀𝐵𝑁 and
𝑅𝑀𝑆𝐷𝑊 denote RMS of the envelope of MBN and the velocity
of DW motion (OF value).

where 𝑣𝐷𝑊 (𝜎) and 𝐻𝑐 (𝜎) denote DW motion velocity and
coercive field under tensile stress, respectively.

(c) Domain wall motion and MBN signal under
tensile stress

Since DW motion velocity is basically proportional to the
voltage detected in a MBN experiment as shown in formula (3),
MBN signal and the velocity of DW motion (OF value) under
the tensile stress satisfy the formula:

𝑣𝐷𝑊 (𝜎) ∝ 𝐻 − 𝐻𝑐 (𝜎)

𝑉𝑀𝐵𝑁 (𝜎) ∝ 𝑣𝐷𝑊 (𝜎)
Tensile stress can change the distribution of magnetic
domain, which dominate the velocity of DW motion, as well as
MBN signal [17].
When stress is applied to the material, stress causes the
rearrangement of atomic magnetic moments during elastic
deformation. The stress increase magneto-elastic energy, the
magneto-elastic energy 𝐸𝜆 is defined as [36-37]:
3

𝐸𝜆 = − ∑𝑥 ∑𝑦 ∑𝑧 𝜆𝜎 𝑐𝑜𝑠 2 𝜃
2

(5)

where 𝜆 , 𝜎 and 𝜃 respectively denote the magnetostriction
constant, stress and angle between the magnetization and stress.

(7)

(8)

where 𝑉𝑀𝐵𝑁 (𝜎), 𝑣𝐷𝑊 (𝜎) denote MBN signal and the velocity
of DW motion under tensile stress.
Thus, RMS and mean value of DW motion velocity (OF
value) and the envelope of MBN show the same changing
tendency under tensile stress:：
̅̅̅̅̅̅̅
𝑉𝑀𝐵𝑁 (𝜎) ∝ ̅̅̅̅̅̅(𝜎)
𝑣𝐷𝑊
𝑅𝑀𝑆𝑀𝐵𝑁 (𝜎) ∝ 𝑅𝑀𝑆𝐷𝑊 (𝜎)

(9)

where ̅̅̅̅̅̅(
𝑉𝑀𝐵𝑁 𝜎) and ̅̅̅̅̅(
𝑣𝐷𝑊 𝜎) denote mean value of the
envelope of MBN and the velocity of DW motion (OF value)
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under tensile stress, 𝑅𝑀𝑆𝑀𝐵𝑁 (𝜎) and 𝑅𝑀𝑆𝐷𝑊 (𝜎) denote RMS
of the envelope of MBN and the velocity of DW motion (OF
value) under tensile stress.
According the formulas above, the correlation of MBN
and DW motion is quantitatively analyzed. Further evaluation
and validation will be provided in the section III through
experimental study.

Ⅲ. Results and discussion
(a) Experiment set-up and sample preparation

MBN signal and DW structure of the silicon steel sheet are
captured by MBN and a longitudinal MOKE microscopy as
shown in Figures 3 (a) and 3 (b), respectively. MBN and DW
observation system include MBN probe, MBN measurement
device (include signal amplifier, filter, acquisition card, MBN
signal process), a digital CCD camera for DW observation,
driving coils, and applied loading of tensile stress. Excitation
coils with 355 turns wound around sample generate magnetic
field [32]. The diameter of MBN probe is 10mm. Applied
magnetic field is in stress direction. The images of magnetic
domain are captured by a digital CCD camera C8484-03G02
with sampling rate of 16.3 Hz. The MBN signals was sampled
at 200 kHz by data acquisition analog-to-digital converter. To
obtain DW and MBN signal, the magnetization frequency is 0.5
Hz. A silicon steel sheet (sample 1) with dimensions
300mm×30mm×0.2mm (Length×Width×Thickness), are
applied to an elastically tensile stress from 0 MPa to
approximately 121 MPa. To get ready for domain observation,
the sheet was polished and Grain distribution of the sample 1 is
shown in the Figure 3 (c). s1g1, s1g2, s1gb12 denote grain 1,
grain 2, and grain boundary between grain 1 and grain 2. From
Figure 3 (c), the sizes of a single magnetic domain in s1g1 and
s1g2 are different and the size of a magnetic domain in s1g1 is
bigger than this in s1g2.
In Figure 4, hysteresis loops are measured under the tensile
stress of the sample 1. From Figure 4, amplitude of magnetic
polarization increases with the increase of tensile stress. In
addition, the loop area and coercive field 𝐻𝑐 decrease with the
increase of tensile stress. The reason of these phenomena is that
tensile stress aligns the magnetic domains parallel to the stress
direction and makes the magnetization process easy. The
characteristics of hysteresis loop of sample 1 can prove the
formula (1), (5) and (7). Therefore, DW motion velocity and
MBN signal change with the increase of tensile stress.

(a)

(b)

(c)
Figure 3. (a) Experimental set-up for MOKE and MBN
observation; (b) Schematic illustration of stress loading,
observation of DW structure and measurement of MBN signal;
(c) Grain distribution of the sample 1, area of Figure 3 (c) is
21.3 mm × 9.2 mm.
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of s1g1 are draw though counting the every pixel of magnetic
domain images during the magnetization process, when applied
field is in tensile stress direction. The sizes of magnetic images
which are used for the calculation of hysteresis loop are
8.14 mm × 6.94 mm, as show in Figure 5. The magnetization
intensity 𝑀 can be characterized by analyzing the intensity of
the magnetic domain image, as shown from formula (1) and
Figure 2 (a) – (c). From Figure 6, tensile stress causes the
rearrangement of atomic magnetic moments, 180° domain and
the saturation magnetization increase, while magnetic
hysteresis loss and coercive field 𝐻𝑐 decrease. The phenomena
shown in Figure 5 and 6 are consistent with the formula (5) and
(6).

Figure 4. (a) Hysteresis loops measured under tensile stress for
sample 1. (b) The plot of polarization amplitude and coercivity
field under tensile stress for sample 1.

(a) 0 MPa

(b) 20 MPa

(b) Domain wall motion and MBN signal under
tensile stress in s1g1

The relationship between DW motion status and MBN in
different location under stress is analyzed to interpret the
different magnetization mechanism of MBN during
magnetization process. When tensile stress is applied to the
silicon steel sheet, stress causes the rearrangement of atomic
magnetic moments during the elastic deformation, which can
change the distribution of magnetic domain. Figure 5 presents
the magnetic domain at 0 MPa, 20 MPa, 54 MPa and 87 MPa
of s1g1. From formula (5) and (6), when tensile stress is applied
to a silicon steel, the product of the magnetostriction constant
and stress satisfy 𝜆𝜎 > 0 . Tensile stress increase magnetoelastic energy, the increased magnetic energy can be reduced
by the formation of 180° domain [32], as shown in formula (6)
and Figure 5. As the addition of magnetic of magneto-elastic
energy during the elastic deformation, the formation of 180°
domain increase with increment of tensile stress. In order to
further analyze the variation of magnetic parameters during the
elastic deformation, hysteresis loops of s1g1 under different
tensile stress are drawn as shown in Figure 6. Hysteresis loops

(c) 54 MPa
(d) 87 MPa
Figure 5. The magnetic domain images under different tensile
stress after demagnetization of s1g1. The sizes of magnetic
domain images are 8.14 mm × 6.94 mm.

Figure 6. Hysteresis loops measured under different tensile
stress of s1g1.
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Figure 7. DW motion and MBN signal under 0 MPa of s1g1. (a) - (b) illustrate the magnetic domain images at different applied magnetic
field. (c) - (d) illustrate the velocity of DW motion (OF value) and MBN signal. The sizes of (a) - (b) are 8.14 mm × 6.94 mm. The
amplitude and frequency of magnetic field are 0.4 kA/m and 0.5 Hz, respectively.

Figure 8. DW motion and MBN signal under 70 MPa of s1g1. (a) - (c) illustrate the magnetic domain images at different applied magnetic
field. (d) - (e) illustrate the velocity of DW motion (OF value) and MBN signal. The sizes of (a) - (c) are 8.14 mm × 6.94 mm. The
amplitude and frequency of magnetic field are 0.4 kA/m and 0.5 Hz, respectively.

Figure 9. DW motion and MBN signal under 121 MPa of s1g1. (a) - (d) illustrate the magnetic domain images at different applied magnetic
field. (e) - (f) illustrate the velocity of DW motion (OF value) and MBN signal. The sizes of (a) - (d) are 8.14 mm × 6.94 mm. The
amplitude and frequency of magnetic field are 0.4 kA/m and 0.5 Hz, respectively.
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(a)

(b)
Figure 10. The velocity of DW motion and the envelope of
MBN signal under different tensile stress of s1g1. (a) illustrate
the velocity of DW motion. (b) illustrates the envelope of MBN
signal. The amplitude and frequency of magnetic field are 0.4
kA/m and 0.5 Hz, respectively.

Figures 7, 8 and 9 present the surface magnetic domain
patterns, the velocity of DW motion (OF value) and MBN
during magnetization process under 0 MPa, 70 MPa and 121
MPa in s1g1, respectively. The sizes of magnetic images which
are used for calculate the velocity of DW motion are
8.14 mm × 6.94 mm, and the diameter of MBN probe is 10
mm. Average MBN signal over the whole hysteresis loop mix
the effect the different magnetization mechanism and different
DW motion conditions [14]. In this paper, basing on calculating
the change of the two adjacent magnetic domain images (the
interval of time is about 0.06 s and the interval of magnetic field
amplitude is about 0.047 kA/m), the OF algorithm quantify the
status of DW motion during the magnetization process. From
Figures 7 (a) - (b), when the tensile stress is 0 MPa, the change
of intensity of magnetic domain images and the velocity of DW

motion (OF value) is small during a magnetization cycle. From
Figure 8 (a) - (d) and Figure 9 (a) - (e), since tensile stress make
coercivity decrease, the velocity of DW motion (OF value)
increase with the increase of tensile stress. These phenomena
consist with formula (7). The statistical properties of MBN
signal are highly dependent on the region of the hysteresis loop
where the measure is recorded. In the central part of the
hysteresis loop, MBN are mainly due to the discontinuous
motion of domain walls, while other effects such as nucleation
and irreversible rotations can be neglected [40-41]. DW motion
velocity is proportional to the voltage detected in a MBN
experiment as shown in formula (3) and (8). From Figure 7 (d),
when the tensile stress is 0 MPa, since the velocity of surface
DW motion (OF value) is small during a magnetization cycle,
the voltage detected in a MBN experiment is small. Since most
irreversible change occurs around 𝐻 = 𝐻𝑐 (the time is between
0.25 s and 0.75 s, the magnetic field is between -0.2 kA/m and
0.2 kA/m), mostly Barhausen activities appear in these region.
From Figure 8 (e) and Figure 9 (f), MBN has more activities
with high signal under 70 MPa and 121 MPa, when the velocity
of DW motion (OF value) increase. In addition, the width of
DW motion velocity and MBN signal both increase with the
increase of tensile stress, as shown in Figure 7 – Figure 9. These
phenomena mean that the strength of external magnetic field to
make material achieve saturation magnetization increase with
the increment of tensile stress, which consist with the results of
Figure 6. Figure 10 illustrate the velocity of DW motion (OF
value) and the envelope of MBN signal from 0 MPa to 121 MPa
of s1g1. From Figure 10, the velocity of DW motion (OF value)
and the envelope of MBN signal in other stress status are also
consistent with the formula (7) - (8).
In order to quantitatively analyze the relationship between
MBN and DW motion under the tensile stress, RMS and mean
value [35-36] are extracted from MBN signal and the velocity
of DW motion (OF value) in s1g1. RMS and mean value have
been used to evaluate residual and applied stress by analyzing
the feature of MBN signal in previous work [30-31]. In this
paper, RMS and mean are extracted from the velocity of DW
motion (OF value) and the envelope of MBN signal to quantify
the correlation of MBN and DW motion under tensile stress.
From Figure 11, RMS and mean of MBN and the velocity of
DW motion (OF value) both increase with the increment of
stress. However, different features illustrate different sensitivity
and linearity. Tensile stress aligns the magnetic domains
parallel to stress direction and makes the magnetization process
easy when excitation is in stress direction. As DW motion
influences MBN signal significantly, both the velocity of DW
motion and MBN signal increase with the increase of tensile
stress, which affect RMS and mean value. Therefore, RMS and
mean value of DW motion velocity are proportional to these
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extracted from the envelope of MBN. The changes in Figure
11 show that these data are consistent with the formula (8) and
(9).

(a) 0 MPa
(a)

(b) 121 MPa
(b)
Figure 11. RMS and mean value of MBN signal and velocity of
DW motion in s1g1. Where FD denotes the fitting data, ID
denotes the original data.

(c) The correlation of domain wall motion and
MBN signal under tensile stress in other
locations

The velocity of DW motion (OF value) and MBN
properties on grain boundary s1gb12 and grain s1g2 are
quantitatively analyzed to discuss the repeatability the
correlation of MBN and DW motion, as well as the effect of
grain microstructure on MBN and DW motion under the tensile
stress.

Figure 12. The magnetic domain images under different tensile
stress after demagnetization of s1g2. The sizes of magnetic
domain images are 8.14 mm × 6.94 mm.

Figure 12 - Figure 14 illustrate magnetic domain images,
the velocity of DW motion (OF value) and MBN signal of s1g2
under 0 MPa and 121 MPa to analyze the correlation of DW
motion and MBN in different grain. From Figure 12, the
formation of 180° domain increase with increment of tensile
stress. The size of a single magnetic domain in s1g2 is smaller
than this in s1g1. The reason for the addition of 180° domain
with the increase of tensile stress is that tensile stress increase
magneto-elastic energy in s1g2 and the increased magnetic
energy can be reduced by the formation of 180° domain. Since
tensile stress aligns the magnetic domains parallel to stress
direction and makes the coercive field decrease, DW motion
velocity and MBN signal both increase with the increment of
tensile stress, when applied field is in stress direction, as shown
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in Figures 13 and 14. In addition, the width of the curve of DW
motion and the envelope of MBN signal in s1g2 are both larger
under 121 MPa than these under 0 MPa. From Figure 15, RMS
and mean value are extracted from DW motion velocity and the
envelope of MBN signal to quantify the variation tendency of
DW motion and MBN under tensile stress in sig2. From Figure
15, the result shows that RMS and mean of DW motion velocity

and MBN show the same changing tendency in s1g2. These
phenomena shown in Figures 12 - 15 illustrate the repeatability
of the conclusion presented in Figure 5 -11, which is consistent
with the formula (5) - (9).

Figure 13. DW motion and MBN signal under 0 MPa of s1g2. (a) - (b) illustrate the magnetic domain images at different applied magnetic
field. (c) - (d) illustrate the velocity of DW motion (OF value) and MBN signal. The sizes of (a) - (b) are 8.14 mm × 6.94 mm. The
amplitude and frequency of magnetic field are 0.4 kA/m and 0.5 Hz, respectively.

Figure 14. DW motion and MBN signal under 121 MPa of s1g2. (a) - (b) illustrate the magnetic domain images at different applied
magnetic field. (c) - (d) illustrate the velocity of DW motion (OF value) and MBN signal. The sizes of (a) - (b) are 8.14 mm × 6.94 mm.
The amplitude and frequency of magnetic field are 0.4 kA/m and 0.5 Hz, respectively
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(a)

s1g2, the velocity DW motion (OF value) in s1gb12 (which
contain the characteristic of DW in s1g1 and s1g2) increase
with increase of tensile stress. Since the velocity of DW motion
𝑣𝐷𝑊 is proportional to the voltage detected in a MBN
experiment, MBN signal and the velocity of DW motion show
the same variation. From Figure 19, RMS and mean value are
extracted to quantify the variation tendency of DW motion and
MBN in s1gb12 under the tensile stress. Since the different
magnetic parameters in grain s1g1and s1g2 influence the test
results of DW motion velocity and MBN signal in grain
boundary s1gb12, RMS and mean of DW motion velocity and
MBN in s1gb12 both increase with increment of tensile stress
as the results shown Figure 11 and Figure 15. The results of DW
motion and MBN in grain boundary show that the data of DW
motion and MBN in grain boundary is consistent with the
expected formula (5) - (9).

(b)
Figure 15. RMS and mean value of MBN signal and velocity of
DW motion in s1g2. Where FD denotes the fitting data, ID
denotes the original data.

Figures 16 - 19 illustrate magnetic domain images, DW
motion and MBN signal of s1gb12 under 0 MPa and 121 MPa
to analyze the correlation of DW motion and MBN on grain
boundary. Grain boundary s1gb12 is the contact interface
between grain s1g1 and grain s1g2. The size of a single
magnetic domain in s1g1 is bigger than this in s1g2. Grain
boundary of s1gb12 can affect the distribution of magnetic
domain in grain s1g1 and grain s1g2 [32], which lead to
different DW motion in different locations during the
magnetization process, as well as the different MBN signal. On
the other hand, when detecting DW motion and MBN signal in
grain boundary s1gb12, the different magnetic parameters
around the grain boundary (such as grain s1g1, s1g2) influence
the test results of DW motion velocity (OF value) and MBN
signal in grain boundary s1gb12. The formation of 180°
domain increase with increment of tensile stress in s1g1 and

(a) 0 MPa

(b) 121 MPa
Figure 16. The magnetic domain images under different tensile
stress after demagnetization of s1gb12. The sizes of magnetic
domain images are 8.14 mm × 6.94 mm.
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Figure 17. DW motion and MBN signal under 0 MPa of s1gb12. (a) - (b) illustrate the magnetic domain images at different applied
magnetic field. (c) - (d) illustrate the velocity of DW motion and MBN signal. The sizes of (a) - (b) are 8.14 mm × 6.94 mm. The
amplitude and frequency of magnetic field are 0.4 kA/m and 0.5 Hz, respectively

Figure 18. DW motion and MBN signal under 121 MPa of s1gb12. (a) - (b) illustrate the magnetic domain images at different applied
magnetic field. (c) - (d) illustrate the velocity of DW motion and MBN signal. The sizes of (a) - (b) are 8.14 mm × 6.94 mm. The
amplitude and frequency of magnetic field are 0.4 kA/m and 0.5 Hz, respectively

(a)
(b)
Figure 19. RMS and mean value of MBN signal and velocity of DW motion in s1gb12. Where FD denotes the fitting data, ID denotes the
original data.
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In order to further investigate the relationship of the micro
and macro physic parameters, the correlation coefficient [42] of
RMS and mean value in different locations is extracted to
reflect the degree of correlation between DW motion and MBN.
From Table 1, the correlation coefficients exhibit a remarkably
high correlation (more than 0.96) between DW motion and
MBN.

Table 1. The correlation coefficient of DW motion and MBN
in grain boundary and different grains
RMS

Mean value

Correlation
coefficient of s1g1

0.9663

0.9991

Correlation
coefficient of s1g2

0.9685

0.9901

Correlation
coefficient of s1gb12

0.9913

0.9671

Ⅳ. Conclusion and future work

In summary, the correlation model between DW motion
and MBN under tensile stress is established and promoted to
quantitatively analyze the micro-macro magnetic properties
under tensile stress. Tensile stress cause the addition of 180°
domain wall and make coercive field decrease, which can
change the velocity of DW motion (OF value) and MBN signal.
MBN signal is proportional to the discontinuity of DW motion,
which can affect the results of RMS and mean value extracted
from DW motion and MBN. The velocity of DW motion (OF
value) and the envelope of MBN signal show high correlation.
In addition, the correlation of DW motion and MBN signal in
different locations prove the repeatability of the conclusion of
this paper. The correlation model between DW motion and
MBN under stress sheds light on understanding the bridge of
the micro-macro property-physic mechanisms, even DW
observation is unavailable [43].
In the future work, different types of materials with
different microstructure will be evaluated to further understand
the effect of micro magnetic properties and microstructure on
DW motion and MBN for industrial steels with small grain
sizes. In addition, the interaction between DW motion and
MBN signal during the elastic deformation and plastic

deformation will be investigated, especially during stressdriven migration of grain boundary process. The time resolution
of DW motion characterization will be enhanced by using
TRMOKE with the cooperation of York University and
Nanjing University. The relationship between the velocity of
DW motion and MBN will be investigated at higher timeresolution to enhance the resolution of time characteristic
measurement of DW motion and MBN, as well as the resolution
of the time response analysis of MBN in different grains and
grains boundary(especially the microstructure of Q235, steel,
etc ). The spatial resolution of MBN detection will be enhanced
by using magnetic head, which can use to analyze the effect of
microstructure (including grain and grain boundary of different
materials) on MBN and to investigate the time order of DW
motion and MBN in different locations. It is important to
understand the domain motion, rotation in time responses [18],
their independent features for material microstructure and
material state awareness. Stress characterization and fatigue
states are important for early fatigue estimation, which will be
extended for rail track microstructure characterization [44].
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